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(57) Claim 

1. Conjugates of cytokines with human immunoglobulin. 

2. Conjugates according to claim 1 of the formula 

Ck-Z-Ig (I) 

in which Ck is a residue of a natural human cytokine or of c recombinant 
cytokine, Ig is a residue of a human immunoglobulin and Z is a covalent 
bond or a covalently bonded organic bridge-former, and in which Ck, Ig 
and/or Z also may occur several times. 

3. Conjugates according to claim 2 of the formula I in which Ck is a 
residue of a natural or recombinant human interferon, of interleukin, of 
a related compound or of a fragment that retains the biological activity, 
Ig is a residue of a natural human immunoglobulin, Z is a covalent bond 
or a covalently bonded di-, tri- or tetra-valent hydrocarbon radical 
which, if desired, is substituted and/or in which, if desired, one or 
more carbon atoms have been replaced by oxyg n, sulfur and/or unsubsti- 
tuted r substituted nitrogen atoms, and in which Ck, Ig and/or Z also 
may occur several times. 

9. A pr cess according t claim 8 for the preparation f conjugates of 
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which comprises so reacting 2 r 3 reactive sub-units of the conjugate of 
formula I with one another that a conjugate having covalent bonds is 
formed, and isolating the conjugate. 

10. A process according to claim 9 which comprises: 

a) for the preparation of a conjugate of formula I in which the sub-units 
are linked by an amide bond, condensing a sub-unit containing an amino 
group with the complementary sub-unit containing a crboxylic acid grouo 
or with a reactive derivative thereof, or 

b) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a disulfide bond, treating two complementary sub-units that 
both contain a mercapto 8rou p vith a mild oxidizing reag(jnt? Qr 

O for the preparation of a conjugate of formula I in which the sub-units 
are Ixnked by a disulfide bond, substituting a reactive substitutable 
functional derivative of the mercapto group of one sub-unit with the 
complementary sub-unit containing a mercapto group, or 

d) for the preparation of a conjugate of formula I in which the sub-units 
are Ixnked by a carbon-sulfur bond, adding a sub-unit containing a 
~tc.pt. group to the complementary sub-unit containing a carton-carbon 
double bond or containing an epoxide function, or substituting a carbon- 
halogen bond by the aercapto group, or 

e) for the preparation of a conjugate of formula I in which the sub-units 
are Ixnked by a carbon-nitrogen single or double bond, condensing an 
aldehyde group f one sub-unit with the coaplem ntary sub-unit containing 
an amino r hydraiin group, and. if desired, reducing the resulting 
carbon-nitrogen double bond to a carbon-nitrogen singl bond with a 
reducing agent, r 

f> for th pc.p.r.ti„„ f . conjugite f formuU , ln wMch th ■ 

are HnWoH Kv a **«~u«_ j ^ 
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13. A method of treating viral infections and tumours in an animal 
including man, which compi i sey -aiiini nistering an efiective amount of 
^onjugaLes of cytokines with human immunoglobulin according to claim 1 
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Conjug ates of cytokines with immunoglobu lins 

The present invention relates to novel conjugates consistin K of a cyto- 
kine and human immunoglobulin, if desired linked by means of an organic 
bridge-former, to processes for the preparation of such conjugates, to 
pharmaceutical preparations, and to the use of those conjugates for the 
treatment of viral infections and tumours. 

Background of the invention 

Cytokines are soluble proteins and glycoproteins that are secreted by 
somatic cells, especially immunocompetent cells, in response to a stimu- 
lation. Cytokines have a large number of biological activities. They are 
messenger molecules that take part in the regulation of the metabolic 
status of adjacent cells, are produced locally in the cells and are also 
normally effective only locally. Cytokines enhance or suppress the activ- 
ity of an adjacent cell in respect of a specific property. 

Examples of cytokines are mediators that influence monocytes and macr - 
phages, such as macrophage migration inhibition factor (MIF), macrophage 
activating factor (MAF) or chemotactic factor for macrophages, mediat rs 
that influence polymorphonuclear leucocytes, such as leucocyte inhibit! n 
factor, leucocyte migration inhibition factor (LIF) or leucocyte 
migration promotor factor, mediators that influence lymphocytes, 
antigen-specific or non-specific helper cell factors or antibody produc- 
tion suppressor factors, mediators that act on other cells, such as 
lymphotoxins, tumour necrosis factor (TNF), colony stimulating factor 
(CSF), growth inhibition and growth promotor factors, especially B-cell 
growth factor (BCGF) , insulin-like growth factor (IGF), platelet-derived 
growth factor (PDGF), fibroblast growth factor (FGF) and thers, and als 
the group of interf rons (IFN) and the group f interleukins (1L). 



Like most of the cytokines, interferons have a molecular weight in the 
range of from 10,000 to 40,000 Daltons. They protect cells against a 
large number of viruses, inhibit cell growth in culture, influence immune 
responses and increase the amount or activity of certain specific intra- • 
cellular enzymes. Interferons are subdivided into three classes, namely 
interferon o, Q and y. Natural human interferon alpha (huIFNo) is pro- 
duced by leucocytes and lymphoblastoid cells and comprises at least a 
dozen different polypeptides which differ from one another in their amino 
acid composition and in their degree of glycosylation . Natural human 
interferon beta (huIFNG) is formed by practically all body cells, for 
example by fibroblasts and to a slight extent also by lymphoblastoid 
cells. Natural human interferon gamma (huIFNy), also called immune inter- 
feron, is produced by T-lymphocytes or NK cells. In contrast to IFNo and 
IFNfi, IFN7 is acid-labile (pH 2) and is distinctly different in its 
serological properties . 

Human cytokines for therapeutic use can be obtained by culturing stimu- 
lated normal human cells. This source is of little practical importance, 
however, owing to the limited availability of cultivatable human cells 
and the inherent separation problems and costs. Certain cytokines can 
also be obtained by culturing continuous human cell lines. The method 
best suited to the industrial preparation of cytokines, however, is the 
cultivation of gene-technologically modified bacteria, fungi or mammalian 
cell lines in which the genetic information for the synthesis of the 
desired cytokine has been incorporated by recombinant gene technology. 
This method also renders possible the preparation of compounds that 
differ from natural compounds and consequently have different and better 
properties for certain intended uses. 

The therapeutic use of cytokines, for example of interleukin 2, inter- 
feron a or inter feronr, is not without problems. They are normally 
quickly broken down and/or excreted. In the case of systemic administra- 
tion it is difficult to build up and maintain the high plasma concentra- 
ti n necessary for an antiviral r anti-tumour activity. On the other 
hand, undesired side effects arise, which are possibly attributable to 
the passage f the cyt kines through the bl od-braln barrier. Th re is 



therefor a pressing need to fi„ d ways on d means on the one hand to 
achieve therapeutically effective hi 8 h concentrations of cytokine in the 
Plasma, and on the other hand to lin.it or reduce undesired side effects. 

Object of the invention 

The object of the present invention is to render cytokines available in a 
for« that cakes it possible to increase their residence time and concen- 
tration in blood plasma and tissue. An especially suitable solution to 
this problem is provided by conjugates consisting of a cytokine and human 
immunoglobulin, if desired linked by means of an organic bridge-former, 
that surprisingly have distinctly longer biological half-lives than free 
cytokines. Also described are a process for the preparation of the con- 
jugates, pharmaceutical preparations and their use in the treatment of 
viral infections and tumours. 



Description of the invent! 



on 



The invention relates to conjugate, of cytokines with human immunoglobu- 
lin. 

A cytokine is a soluble protein or glycoprotein, as synthesised and if 
need be secreted, in response to a stimulation, by aomatic cells, for 
example immunocompetent cell.. in order to effect . Betabollc change 1b 
adjacent cell., for example in order to influence their growth proper- 
tie., and i. al.o . related compound that differ, from a natural cytokine 
a. . result of the replacement. o«i..i on or addition of one or more amino 
acid, and/or carbohydrate residue., or i. . fragment of .uch a compound 
that retains the biological activity. For example, one. two. three or 
four amino acid, of a natural peptide may be replaced by other amino 
acid, or may be omitted completely, one, two. three or four additional 
amino acid, may be pre.ent. for example at the amino end of the peptide, 
one or two carbohydrate re.idue. of the natural glycopr t.in may be re- 
placed by ther carbohydrate re.idue. or one, two. three or all carbo- 
hydrate re.idue. may be »i..ing. Furtherm re. related compound, may b 
compo.ed. for example, al. of part, of tw diff rent cytokines. 



Examples of cytokines of this dot in iL ion are the naturally occurring 
factors, such as macrophage migration inhibition factor (MIF), macrophage 
activating factor (MAFK intorleukin i, 2, 3, 4. 5 or 6, colony stimula- 
ting factor (CSF), lymphoioxin, B-c«ll growth factor ( BCCF interferon 
alpha ( IFNa ) • interferon beta (IF\Q) or interferon gamma (IFNy). espe- 
cially the corresponding human cytokines, also compounds that are related 
or identical to the natural factors and are produced by recombinant gene 
technology in prokaryotes, in eukaryotes or mammalian cells, such as 
recombinant MAF, MIF, interleukin, CSF, BCGF, lymphotoxin. IFNa, for 
example IFNfti, IFNa.i, IFNa* etc. up to IFNai*, and lFNa/A, 1FNg/B, 
IFKa/D, IFNa/F or IFNo/B-D hybrids, IFNQ or I FNr , and also fragments of 
the natural or recombinant compounds that retain the biological activity. 
Hormones and antibodies (also called immunoglobulins) that are secreted 
by B-lvmphocytes after stimulation by antigens and/or mitogens do not 
fall within the definition of cytokines. 

An immunoglobulin is a human immunoglobu J in (antibody) that belongs to 
the A, D, E, G or M class of immunoglobulins, preferably immunoglobulin G 
or M. The variable region of the immunoglobulin has an arbitrary speci- 
ficity. Preferably, the immunoglobulin in the conjugate of the invention 
is a mixture of antibodies of the same class of immunoglobulin but of as 
many different specificities as possible, such as can be obtained from 
the blood of healthy humans. An immunoglobulin in the conjugate of the 
invention can, however, also be a polyclonal or monoclonal human antibody 
specific to an antigen that is foreign to the body, 

A conjugate is a hybrid molecule in which one or more cytokines and one 
or more immunoglobulins are combined. It is a chemical complex in which 
the coupling is effected by a chemical bond, for instance an ionic or 
covalent bond, or optionally by a bridge-former, for example an organic 
bridge-former, or an association of the molecules involved. The mentioned 
chemical complexes r ass ciations are preferably stable und r physi - 
logical c nditions. 
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The inv htion relates preferably to conjugates of the formula 

ck-z-lg (I) 

in which Ck is a residue of a natural human cytokine or of a recombinant 
cytokine, Ig is a residue of a human immunoglobulin and 2 is a covalent 
bond or a covalently bonded organic bridge-former, and in which Ck, Ig 
and/or Z also may occur several times. 

The residue Ck is mono- or poly-valent, for example di- or tri-valerit, 
depending on the number of hydrogen atoms and/or hydroxy groups that are 
replaced by bonds to bridge- formers Z or to immunoglobulin residues Ig. 

The residue Ig is mono- or poly-valent, for example di-, tri-, tetra-, 
penta- or hexa-valent , depending on the number of hydrogen atoms and/or 
hydroxy groups that are replaced by bonds to bridge-formers Z or to cyto- 
kine residues Ck. 

In conjugates of the formula I in which Z is a covalent bond, cytokines 
and immunoglobulins may be bonded by an amide bond between a terminal 
amino function or a side-chain amino function of the one peptide and a 
terminal carboxylic acid function or a side-chain carboxylic acid func- 
tion of the other peptide, or by a carbon-nitrogen bond between a ter- 
minal amino function or a side-chain amino function of the one peptide 
and a carbohydrate residue of the other glycoprotein. 

In such conjugates in which Z is a covalent bond, the residues of the 
cytokine and of the Immunoglobulin are bonded preferably by an amide bond 
between the terminal carboxy function of the cytokine and an amino func- 
tion of the immunoglobulin, or by a carbon-nitrogen bond between an amino 
function of the cytokine and a carbohydrate residue of the immunoglobu- 
lin. 

An organic bridge-f rmer Z is a polyvalent, for example di-, tri- or 
t tra-valent, hydrocarbon radical that is if desired substituted and/or 
in which ne or more carbon atoms are if desired replaced by hetero 



t 
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tons, and that is bonded covalently to the cytokine and to the immuno- 
globulin residue by an amide, ester, amine, thioether, thioescer or di- 
sulfide single bond or by a carbon-nit rogen double bond. Such hydrocarbon 
radicals have up to 30, especially from 4 to 20, carbon atoms and are, 
for example, of aliphatic, eye loal iphat i c , aromatic, araliphatic or ali- 
phatic-cycloaliphatic nature. Substituents of such hydrocarbon radicals Z 
.are, for example, one or more, for example two, if desired protected 
hydroxy groups, oxo groups, if desired protected amino groups, imino, 
nitro. lower alkoxy, lower alkylamino. di-lower alkylamino or lower alkyl 
groups, if desired protected hydroxy-lower alkyl groups, if desired pro- 
tected amino-lower alkyl groups, if desired protected mercapto-lower 
alkyl groups, methylthio-lover alkyl groups, if desired protected 
carboxy-lower alkyl groups, carbamoyl-lower alkyl, amidino-lower alkyl, 
aryl-lower alkyl, for example phenyl-lowcr alkyl or if desired protected 
hydroxyphenyl-lower alkyl groups, and heteroaryl-lower alkyl groups, for 
example if desired protected indolyl-lower alkyl or imidazoly 1-lower 
alkyl groups. In such hydrocarbon radicals 2 hetero atoms that replace 
carbon atoms are. for example, oxygen, sulfur and/or nitrogen, the 
nitrogen atoms if desired being substituted by lower alkyl or being part 
of a cycloaliphatic ring. 



Divalent hydrocarbon radicals are. for example, lower alkylene. cyclo- 
alkylene. phenylene or combinations of these radicals, such as lower 
alkylene-cycloalkylene. lower alkylene-phenylene. lower alkylene-cyclo- 
alkylene-lower alkylene. lower alkylene-phenylene-lower alkylene or the 
like. Divalent hydrocarbon radicals in which hetero atoms replace carbon 
atoms are, for example, amino-lower alkylene, lower alkylene-amino- lower 
alkylene, hydrazino-phenylene-amino , oxy-lower alkylene. lower alkylene- 
oxy-lower alkylene. thio-lower alkylene, lower alkylene-thio-lower alky- 
lene. lower alkylene-dithio-lower alkylene and azacycloalkylene in which 
a nitrogen atom replace, a ring carbon ato». and combination, of the 
mentioned radical., .uch as. for example, from 2 to 10 rep -ted unit, of 
the same or different amino-lower alkylene radicals that if desired are 
bonded to hydrazino-phenylene, amino-lower alkylene-dithio-lower alky- 
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lower alkylene-cycloalkylene-aiacycloalkylene, lover alkylene-oxy- or 
aniino-lower alkylene-azacycloalkylene, azacycloalky lenc-phenylene-aza- 
cycloalkylene, lower alky lene-amino-phenylene-amino- lower alkylene, lower 
alkylene-oxy-lower alkylene-oxy-lower alkylene or the like. 

Trivalent hydrocarbon radicals are. for example, lower alkylene-methyl- 
idene, phenylene-lower alkylldene and similar radicals and the corre- 
sponding radicals in which nitrogen atoms replace carbon atoms are, for 
example, amino-phenylene-hydrazinylidene . Tetravalent hydrocarbon 
radicals are. for example, lower alkanediylidene , cycloalkanediyl idene or 
similar radicals. 

The term "lower" used in lower alkyl. lower alkoxy. lower alkylene or the 
like indicates such groups having from 1 to 7, preferably from 1 to 4, 
carbon atoms. Lower alkyl preferably has up to 4 carbon atoms and is. for 
example, methyl, ethyl, propyl, isopropyl. butyl, isobutyl, sec. -butyl or 
tert. -butyl. Lower alkoxy preferably has up to 4 carbon atoms and is. for 
example, methoxy. ethoxy. propoxy or butoxy. Lower alkylene preferably 
has up to 7 carbon atoms and is. for example, methylene, ethylene, 
1.3-propylene, 1.4-butylene or 1 . 6-hexylene. 

Cycloalkylene preferably has from 3 to 8 carbon atoms and is, for 
example, 1 ,2-cyclopentylene. 1 . 3-cyclo P entylene . 1 ,4-cyclohexylene or 
1.5-cyclooctylene. Phenylene is 1.2-. 1.3- or 1 ,4-phenylene. Azacyclo- 
alkylene is. for example. l-a*.-l ,2-cyclopentylene. 1-ata-l , 3-cyclo- 
pentylene or 1-ara-l ,3-cyclohexylene. 

Protecting group, are those customarily used in peptide and/or carbo- 
hydrate chemistry. 

A protected amino group is. for example, in the form of a readily cleav- 
able acylamino, arylmethylamino . 2-acyl-lower alkyleny 1-1 -amino or silyl- 
amino group or in the form of an axido group. Pref rred amin -pr tecting 
groups are acyl radical, of carbonic acid semie.ters, especially tert.- 
butoxycarbonyl. if desired substituted b nzyloxycarb nyl. diphenyl- 
methoxyearb nyl, 2-halo-lower alk xycarb nyl. trityl or f rmyl. 



A hydroxy group is protected, for example, in the form of a readily 
cleavable acyloxy 8 roup. especially an oxycarbonyloxy group, such as 
tert.-butoxycarbonyloxy. benzylcxycarbonyloxy or 2-halo-lower alkoxy- 
carbonyloxy. or a readily cleavable ether Eroup . especially aryl me thox> 
such as trityloxy. 1-oxyalkoxy, such as i-« hosty . thoxy> or 2 _ Cetrahydro 
pyranyloxy, and silyloxy. such aa t.rt.-butyldi-thyl.i lyloxy . 



A carboxy group is protected, for example. in the form of a readily 
cleavable ester group. Preferred carboxy-protect in 8 groups are tert.- 
butoxy. if desired substituted beniyloxy. diphenylmethoxy . allyloxy and 
2-< trimethylsiiyDethoxy. 

A mercapto group is protected, for example. i„ the form of a readily 
cleavable thioester. monothioacetal . thioether or disulfide group. 

A bridge-former 2 is l inked wlth the cytokine ^ 
bulin residue, for example by an amide bond between the terminal amino 
function or a side-chain amino function of the cytokine or immunoglobuli 
and a carboxy function of 2 . by an amide bond % = 

function or a side-chain carboxy function of the cytokine or immunogld 
bulin and an amino function of Z. by a nitrogen-carbon single or double 
bond between a terminal or a side-chain amino function of the cvtokine o 
immunoglobulin and . carbon atom of Z. by a carbon-nitrogen single or 
double bond between a carbohydrate residue of the immunoglobulin and an 

amine or hydrazine function at 7 k.. 

xunction of z. by an ester bond between a hydroxy 

function of an amino acid or of a r-n,-k~i 1 

xa or or a carbohydrate residue of the cytokine 01 

immunoglobulin and a carbon atom of Z. by a thioether or thioester bond 

between a merc.pto function of a cysteine residue of the cytokine or of 

the immunoglobulin ,nd a carbon atom of Z or by a disulfide bridge 

between a mercapto function of a cysteine residue of the cytokine or 

Immunoglobulin and a mercapto function of Z. 

A bridge-former Z is. for example. 1-oxo-lower alkylene or 1-oxo-lower 
•Ikylen -amino, such a. c.rbonyl-prooylene . carbonyl-propylene-amino. 
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methylene. Preferably, such a C roup Z is linked to the cytokine or 
Immunoglobulin at the carbonyl RroU p and at the amine radical by an amide 
bond and, if desired, is bonded at the lower alkylene end by a carbon- 
nitrogen single bond. 



Another bridge-former 2 is. for example, a divalent or trivalent radical 
consisting of from 1 to approximately 10. preferably from 1 to 3. " 
carbonyl-methylene-amino groups and. if desired, a carbonyl-methylene, a 
phenylene-hydrazino or . phenylone-hydraz inylidene group. In such a 
carbonyl-methylene-amino group, if desired methylene is substituted by- 
lower alkyl. hydroxy-lower alkyl. amino-lower alkyl. me rcapto-lower 
alkyl, methylthio-lover alkyl. Carboxy- lower alkyl. carbamoyl-lower 
alkyl, atnidino-lower alkyl. phenyl-lower alkyl. hydroxyphenyl-lover 
alkyl. indolyl-lowcr alkyl or imidazolyl-lover alkyl, f or example as in 
the residues of the naturally occurring amino acids glycine, alanine, 
valine, leucine, isoleucine. serine, threonine, lysine, cysteine, 
methionine, asparagine. glutamine. aspartic acid, glutamic acid, 
arginine. phenylalanine, tyrosine, tryptophan and histidine. Methylene 
and amino in a carbonyl-methylene-amino group may also be bridged by 
lower alkylene. for example as in the residue of the naturally occurring 
amino acid proline. The carbonyl-^thylene-amino groups are linked to on 
another and to the carbonyl-methylene group by amide bond.. Preferably 
auch a bridge-former 1. linked with" the cytokine or Immunoglobulin at the 
carbonyl end and at the amino end by an amide bond and. if applicable, at 
the methylene end or at the hydrazine end by a carbon-nitrogen single 
bond and at the hydr.zinylidene end by a carbon-nitrogen double bond. 

Example, of .uch bridge-former, are the tripeptide re.idue. gly clne . 
al.nine-arginine. i.oleucine-alanine-tyro.ine , the pentapeptide re.idue. 
leucine-glycine-alaninc-.lanine-.rginine. glycine-glycine-leucine- 
alanine-tyrosine, -l-nine-i.oleucine-.l.nine-i.oleucine-ly.ine and 
bridg -form r. in which tho.e peptide residue, are bonded at the nitrogen 

end to carbonyl-methyl ne. A-phenylene-hydrazino or 4-phenylene-hydrazin- 
ylidene. 



Another bridge-former Z is a divalent radical amino-lower alky lene-thio f 
preferably ami no-c t hy 1 ene- 1 h i o » oxo-Jower a 1 ky lene- c hi o , preferably 
carbony 1-methy lene- thio or ca rbonyl-e thy lene-thio , methy lene-ca rbony 1- 
me thy lene- th io or 1 - i »ni no- 1 owe r a Iky 1< ne- th io , preferably carbonimidoyl- 
propy lene- t h io . In such n bridge-former the thio function is bonded to a 
cysteine residue of the cytokine or immunoglobulin by a disulfide bridge 

Another bridge-former 2 is the divalent radical amino-lower alkylene-di- 
thio-lover alkylene-amino , preferably amino-ethylene-di thio-ethylene- 
amino, or oxo-lower alkylene-di thio-oxo-lover alkylene, preferably 
carbony 1 -methyl ene-di thio-me thy lene-ca rbony 1 t carbony 1-e thy lene-di thio- 
ethylene-carbonyl or carbony 1-propylenc-di thio-propy lene-carbonyl , oxo- 
lower alkylene-di thio-iraino-1 ower alkylene, for example carbonyl- 
methylene-, -ethylene- or -propy lene-di thio-propy lene-carbonimidoyl , or 
imino-lover alky lene-di th io-imino-lower alkylene, for example carbon- 
imidoy 1-propylene-di thio-propy lene-carbonimidoyl or carbon imidoyl- 
butylene-dithio-buty lene-carbonimidoyl . In such bridge-formers the 
carbonyl function is linked to the cytokine or immunoglobulin preferably 
by an amide bond and the carbonimidoyl function preferably by a thio- 
iminoester bond. 

Another bridge-former 2 is, for example, a divalent radical that is 
formed on the one hand from oxo-lower alkylene, such as carbonyl- 
ethylene, from carbonyl-cycloalkylidene, such as carbony 1-1 , 4-cyclo-r 
hexylene, from methyiene-carbony 1-methy lene , methylene-carboxy-lower 
alkylene, such as methy lene-carboxy-me thy lene , from methy lene-carbox- 
amido-lower alkylene, such as methylene-carboxamido-methylene , or from 
carbony 1-phenylene, preferably carbony 1- 1 , 3-pheny lene t and on the other 
hand from 1 -succinimidy lene-3 , 1 -succinimidy lene-3-thio-lower alkylene- 
amlno, such as l-succlnlmidylene-3-thlo-ethylene-amlno , from 1-succin- 
imidylene-3-thio-oxo-lower alkylene in which lower alkylene is, for 
example, ethylene or, preferably, propylene, from l-succinimidylene-3- 
thio-methylene-carbonyl-methylene or from l-succinimidylene-3-thio- 
imlno-lower alkylene in which lower alkylene is preferably butylene. The 
two groups of the bridge-former are linked with one another via the 
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bridge-former is bonded, for example, at carbon 3 to a mercapto group of 
a cysteine residue of the cytokine or immunoglobulin. Especially 
preferred are the bridge-formers carbonyl-1 , 3-phenylene-l -succin- 
imidylene-3-thio-ethylene-carbonyl and carbonyl-1 , 3-phenylene-l-succin- 
imldylene-3-thio-propylene-carbonimidoyl, which are linked to the cyto- 
kine and the immunoglobulin by amide bonds and a thioiminoester bond. 

Another bridge-former Z is. for example, a divalent lower alkylene 
radical, a trivalent lower alkylene-methylidene radical or a tetravalent 
lower alkanediylidene radical, it being possible for these radicals to be 
substituted by lower alkyl, for example 1 . 5-pentylene , 3-methyl-l , 5- 
pentylene. 3 , 3-dimethyl-l , 5-pentylene , 1 , 6-hexy lene , 1 , 4-butylene- 
methylidene, 1 , 5-pentdiylidene , 3-methyl-l , 5-pentdiylidene , or 3, 3-di- 
methyl-l . 3-pentdiylider.e , preferably 1 ,S-pentylene and 1 . 5-pentdiylidene . 
Such a bridge-former is preferably linked with the cytokine and the 
immunoglobulin by a carbon-nitrogen single bond or double bond. 

Another bridge-former Z is, for example, a divalent lower alkylene 
radical having 2 hydroxy groups, for example 2, 3-dihydroxy-l ,4-butylene 
or. preferably, 2 , 4-dihydroxy-l , 5-pentylene . or lower alkylene-oxy-lower 
alkylene and lower alkylene-oxy-lower alkylene-oxy-lower alkylene having 
2 hydroxy groups, for example ( 2-hydroxy-l . 3-propylene )-oxy-< 2-hydroxy- 
1 ,3-propylene) or (2-hydroxy-l , 3-propylene > -oxy- ( 1 , 4-butylene)-oxy-(2- 
hydroxy-1. 3-propylene). Such a bridge-former is preferably linked to the 
cytokine and immunoglobulin by a carbon-nitrogen single bond. 

Another bridge-former Z is, for example, a divalent carbonyl-amino- 
phenylene-amino-carbonyl radical, which if desired is substituted by 
lower alkyl groups, for example carbonyl-amino-1 . 4-phenylene-amino- 
carbonyl or carbonyl-amino-1 -methyl-2 ,4- or -2 , 6- phenylene-amino- 
carbonyl, or the corresponding thiocarbonyl radicals. Such a bridge- 
former is linked to an amino group of the cytokine and of the immun - 
globulin by an amid bond and is thus a urea or thiourea derivative. 
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Compar d with cytokines alone, the conjugates of the invention surpris- 
ingly have a substantially higher residence time half life in blood 
plasma and tissue. This observation can be made, for example, by inject- 
ing experimental animals, for example mice, rats or rabbits, intravenous- 
ly, subcutaneously or intramuscularly with cytokines only, with conju- 
gates according to the invention, and with mixtures of non-conjugated 
cytokines and immunoglobulin, taking blood and tissue samples at various 
intervals and ascertaining their content of cytokine or cytokine conju- 
gates. This test demonstrates that, compared with cytokines alone or 
cytokine-imrounoglobulin mixtures, Lhe residence time half life of the 
conjugates of the invention is higher by a factor of 5 or more. 

The conjugates of the invention can therefore be used in the same manner 
as the corresponding cytokines on their own for the treatment of viral 
infections and/or tumours. Compared with the cytokines themselves, how- 
ever, the conjugates of the invention have the advantage that they can be 
used in distinctly smaller amounts owing to their longer residence time 
in the organism and especially in the bloodstream and tissue. Further- 
more, it is to be expected that the conjugates of the invention, when 
applied directly to the site at which they are to act, will remain there 
longer and thus bring about fewer side effects, for example, in the 
central nervous system. 

The invention relates especially to conjugates of the formula I in which 

Ck is a residue of a natural or recombinant human interferon, of inter- 
leukin, of a related compound or of a fragment that retains the biologi- 
cal activity, for example interferon alpha, beta or gamma, interleukin 2 
or a recombinant protein or glycoprotein in which one, two, three or four 
amino acids of an interferon or interleukin have been replaced or 
omitted, in addition one, two, three or all of the carbohydrate residues 
of an interferon or interleukin are missing, parts of two different 
interferons r interleukins are combined with one another, or nly the 
biologically active part of the interferon or interleukin is present. 



Ig ia a residue of a natural human immunoglobulin, for example an immuno- 
globulin G or M from the blood of a healthy human, 

Z is a covalent bond or a covalently bondod di-, tri- or tetra-valent 
hydrocarbon radical which, if desired, is substituted and/or in which, if 
desired, one or more, for example two, three or four, carbon atoms have 
been replaced by oxygen, sulfur and/or unsubsti tuted or substituted 
nitrogen atoms, for example lower alkylene, eye loalky lene , phenylene and 
combinations of the three mentioned radicals with one another and/or with 
oxy, thio and unsubstituted or lower alkyl-substituted amino, also with 
aracycloalkylene, it being possible for the said radicals to be substitu- 
ted by hydroxy, oxo. amino, imino, lower alkoxy, lower alkylamino, di- 
lower alkylamino. lower alkyl, hydroxy-lower alkyl. amino-lower alkyl, 
mercapto-lower alkyl, methylthio-lower alkyl, carboxy-lower alkyl, carba- 
moyl-lower alkyl, amidino-lower alkyl. phenyl-lower alkyl, hydroxyphenyl- 
lower alkyl. indolyl-lower alkyl or by imidazolyl-lover alkyl. also lower 
alkylene-methylidene, phenylene-lower alkylidene, amino-phenylene-hydra- 
zinylidene, lower alkanediylidene or cycloalkanediylidene , . 

and in which Ck. Ig and/or Z also may occur several times, for example 
twice or three times. 

The invention relates more especially to conjugates of the formula I in 
which 

Ck is a residue of a natural or recombinant human interferon or of a 
related compound, for example natural interferon alpha, natural inter- 
feron gamma, recombinant interferon alpha, for example IFNd, IFNa 8 . 
IFNoj to IFNa lt , and IFNa/A, IFNa/B. IFNo/D, IFNa/F or IFNa/B-D hybrid in 
glycosylated or non-glycoaylated form and with, if desired, replaced, 
missing, or one to four additional, amino acida, or recombinant inter- 
f eron gamma, 

Ig is a residue of a natural human immunoglobulin, for example an immuno- 
globulin C or M from the blood of a healthy human, and 
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Most especially the invention relates to the conju^atoc mentioned in the 
Examples . 

The invention relates also to a process for the preparation of cytokines 
with human immunoglobulin which comprises reacting a cytokine with human 
immunoglobulin and, if desired, a bridge-former. The conjugation is 
effected according to methods that are known per se. 

The invention relates preferably to a process for the preparation of 
conjugates of the formula 

Ck-Z-Ig (I), 

which comprises so reacting 2 or 3 reactive sub-units of the conjugate of 
formula I with one another that a conjugate having covalent bonds is 
formed, and isolating the conjugate. 

The present invention relates especially to the said process which com- 
prises: 

a) for the preparation of a conjugate of formula I in which the sub-units 
are linked by an amide bond, condensing a sub-unit containing an amino 
group with the complementary sub-unit containing a carboxylic acid group 
or with a reactive derivative thereof, or 

b) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a disulfide bond, treating two complementary sub-units that 
both contain a mercapto group with a mild oxidizing reagent, or 

c) for the preparation of a conjugat of formula I in which the sub-units 
are linked by a disulfide b nd, substituting a reactive substl tutable 
functional derivative f the mercapto group of one sub-unit with the 
complementary sub-unit containing a mercapto group, or 
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d) tor the preparation of a conjugate of formula I in which the sub-unit, 
are linked by a ca rl.on-au 1 f u r bond. nddi,. B a sub-unit cont*inin C a mor- 
capto group to the complementary sub-unit containing a carbon-carbon 
double bond or containing an epoxide function, or substituting a carbon- 

halogen bond by the mercapto group, or 

•) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a carbon-nitrogen single or double bond, condensing an 
aldehyde group of one sub-unit with the complementary sub-unit containing 
an amino or hydrazine group, and. if desired, reducing the resulting 
carbon-nitrogen double bond to a carbon-nitrogen single bond with a 
reducing agent, or 

f ) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a carbon-nitrogen single bond, adding a sub-unit containing 
an amino or a hydrazine group to the complementary sub-unit containing an 
epoxide function, or substituting a carbon-halogen bond by the amino or 
hydrazino group. 

Pairs of sub-units that can be linked together according to process a) by 
an amide bond are. for example, a cytokine and an immunoglobulin that 
each contain a free carboxy group or a free amino group, a cytokine and 
an immunoglobulin substituted by one or more bridge-formers containing a 
free carboxy and/or amino group, a cytokine substituted by one or more 
bridge-formers containing a free carboxy and/or amino, group and an 
immunoglobulin, or a cytokine and an immunoglobulin that each carry a 
bridge-former moiety containing a free carboxy group and a free amino 
group, respectively, and these two moieties together form a bridge-former 
Z. Such pairs of sub-units or mixtures of three sub-units consisting of 
cytokine, immunoglobulin and a bridge-former containing a free carboxy 
and a free amino function are treated with a condensing ag nt. Suitable 
condensing agents ar th a that are conventionally used in peptid 
chemistry, for example carbodiimides . for exa.nple N.N'-dicyclohexyl- 
c.rbodiimide. preferably water-soluble carbodiimides such as N-ethyl- 
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ethyU-isocyanide. if dosired in the presence of a tertiary amine, for 
example C r ie t hy 1 am i no , N-mo thy Imorpho 1 i ne or 4-d imethy laminopyrid ine , and 
of an activated ester-forming hydroxy compound, for example N-hydroxy- 
succinimide. N-hydroxy-S-norbornene-2 . 3-dicarboxylic acid imide or 
l-hydroxybenzotriazole. Other suitable condensing agents are. for 
example. 2-et hoxy- 1 -e thoxycarbony 1- 1 , 2-dihydroquinol ine or activated 
phosphates, such as diphcnylphosphoroaz idate or diethy lphosphorocyani- 
date. if desired in the presence of a tertiary amine. The condensation is 
carried out in an aqueous solvent that may contain an organic or inor- 

^nic buffer and/or a miscible organic diluent, for example a lower 
alkanol. for example tert . -butanol . a lower alkanediol. for example 
glycol, dimethvlformamide. acetonitrile or the like, at temperatures of 
from approximately -20'C to approximately ♦SO'C, preferably from 5°C to 
room temperature. 

Reactive functional derivatives of sub-units in process a) can be formed 
in situ and are. for example, reactive carboxylic acid derivatives, for 
example activated carboxylic acid esters, reactive mixed anhydrides, 
reactive cyclic amides, isocyanates or i sothiocyanates . 

Activated ester, of carboxylic acids are. for example, of the vinvl ester 
type, for example actual vinyl esters, carbamoyl vinyl esters or 1-lover 
alkylvinyl esters, ester, of the amidine type, for example N.K'-disub- 
stituted amidino esters that can be obtained by treating the correspond- 
ing acid with a suitable N.N'-disubstituted carbodiimide . for example 
with N.N'-dicyclohexylc.rbodii-ide, or al.o N.N-disubstituted amidino 
esters, suitable aryl ester., especially phenyl esters substituted by 
electron-attracting sub.tituents . for example 4-nitrophenyl . 2.4.5-tri- 
chlorophenyl. pent.chloroohenyl or «-phenyldia*o P henyl ester, cy.nomethyl 
esters, thioe.ters. especially nitrophenyl thioester. or preferably amino 

r amido esters that have been obtained, for example, by treating the 
c responding acid with an N-hydroxyamino or N-hydr xyamido compound, f r 
example with N-hydroxy.uccini»ide . N-hydroxypiperidine . N-hydroxyphthal- 
imide. N-hydroxy-S-norbornene-2. 3-dicarboxyli c acid imide or 1-hydroxy- 
benzotriazole. 



- 18 - 



Reactive mixed anhydrides of acids arc, for example, anhydrides with 
inorganic acids, for example acid halidos. especially acid chlorides 
anhydrides with carbonic acid lower alkyl semiestera, anhydrides with 
dihalogenated. especially dich lor 1 nated , phossphoric acids or phosphoric 
acid derivatives, anhydrides with strong carboxylic acids, for example 
trifluoroacetic acid, or anhydrides with organic sulfonic acids, for 
example lower alkanesulfonic acids or arylsulfonic acids, such as 
.methane- or p-toluene-su 1 f onlc acid. 

Suitable cyclic amides are especially those with f i ve-membered aromatic 
diazaheterocycles. for example amides with imidazole or pyrazole, for 
example with 3, 5-dimethylpyrazole. 

Reactive carboxylic acid derivatives are reacted with a reactant contain- 
ing a free amino group under the same reaction conditions as those 
described above for non-activated sub-units except that the condensing 
agent can be omitted. Preferably, an acid-binding compound is added, for 
example an alkali metal carbonate or hydrogen carbonate, for example 
sodium or potassium carbonate or hydrogen carbonate, customarily together 
with the corresponding sulfate, or an organic base, for example a ster- 
ically hindered tri-lower alkylamine, for example ethyldi i sopropylamine . 

Preferably, the reactive carboxylic acids are derivatives of the bridge- 
former, for example dicarboxylic acid dichloride., activated dicarboxyllc 
acid die.ter., diiaocyanates , for example phenylene-1 ,4-diisocyanate or 
l-methyl-phenylene-2,4-diisocyanate. or diisothiocyanates . 

The starting material, for process a) are known or can be prepared 
according to known processes, for example by a process as described 
hereinbefore or hereinafter. 

Pair, of .ufa-unit. that can produce a di.ulfide bond in accordance with 
pr ces. b) or c) are. for example, a cytokin and an immunogl bulin that 
both contain a bridge-former moiety containing a m rcapto function and in 
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A sulf enylsul f one is, for example*, n lower a 1 ky 1 1 h i osu 1 f ona t o , for 
example a met haneth iosu 1 i'oiui to , or a benzene th iosul f onnte , which, if 
desired, is substituted by methyl, nitro or halogen, for example 
p-toluenethiosul f onate . 

In a thiosulfate the organic radical containing the do r i vat i sod mercapto 
function is bonded to the sulfur. Preferably, the thiosulfate is in 
anionic form, for example an alkali metal thiosulfate, for example sodium 
or potassium thiosulfate. 

There is especially preferred as the reactive substitutable functional 
derivative of the mercapto group in process c) a mixed disulfide, 
especially a disulfide with 2-pyr id inethio 1 . 

The reactive functional derivatives of the mercapto group are prepared 
according to known customary methods from compounds having a free 
mercapto function or a mercapto function derivatised in some other 
manner. 

In process c) the reactant containing a free mercapto group and the 
reactant containing a reactive substitutable functional derivative of the 
mercapto group are reacted in water or. preferably, in an aqueous buffer, 
at a pH of from approximately 3 to approximately 9, preferably close to 
the neutral point, that is to say at a pH of from 6 to 8. at temperatures 
of from approximately -20°C to approximately +50°C, preferably from -5°C 
to room temperature. If desired, the aqueous reaction medium contains a 
miscible organic solvent, for example a lower alkanol, for example tert.- 
butanol, dimethylf ormamide , acetonitrile or the like. 

The starting materials for processes b) and c) are known or can be 
prepared by processes that are known per ae , for example by a process as 
d scribed hereinb fore or her inafter. A substituted cytokin and a sub- 
stituted immun globulin in which the substituents carry a mercapto group 
are prepared, for example, from the cytokine and from the immunoglobulin, 
respectively, by reaction with a compound containing a orotected ^rrnnro 



ester as described hereinbefore under process a). The protecting Rroup 
the mercapto function is then removed by processes that are known 
P£r_se. For example, a disulfide. as described hereinbefore as a reacci 
substitutable functional derivative of the mercapto group, can be used 
as a protectee group during a process analo C ous to process a), and 
afterwards cleaved under mild reducing conditions, for example with a 
thiol, for example 2-mercaptoethanol, 3-mercapto-l . 2-propanediol . thio- 
glycolic acid, thioglycolic acid methyl ester or 3-mercaptopropionic 
acid, or preferably with a dithiol. for example dithicthreitol or dithic 
erythritol. in an aqueous buffer solution at a pH of from approximately 
3 to approximately 6. preferably from 4 to 5, at temperatures of from 
approximately -5°C to approximately room temperature. 

A substituted cytokine and a substituted immunoglobulin in which the 
substituents carry a mercapto function can be prepared, for example, als 
from a cytokine and from an immunoglobulin, respectively, by reaction 
with an iminothiolactone. for example 2-i»inothiolane . in an aqueous 
buffer solution at a pH of from approximately 5 to approximately 9. 
preferably close to the neutral point, that is about pH 8. at tempera- 
tures of from approximately -5"C to approximately room temperature. 

Especially preferred i. a process in which a cytokine or an immunoglobu- 
lin is condensed with N-auccinimidyl-3-< 2-pyridyldithio ^propionate in 
accordance with process a>, at the .ame time the appropriate complemen- 
tary immunoglobulin or cytokine is reacted with 2-i»i„othiolane in the 
manner described above, and the two sub-units are linked to form a dithio 
bond according to proce.a c). Preferably the reaction steps are carried 
out without intermediates being isolated. 

Pairs of sub-units that together can form a carbon-sulfur bond according 
to process d, are. for example, cytokines and immunoglobulins substituted 
by bridge-former moieties, in which one bridge-former moiety carries a 
carb n-c.rbon d uble bond, a c.rb n-hal gen bond or an epoxid functi n 
and the other bridge-former moiety carries a mercapto group, and the two 
bridge-former moieties together form the radical Z. 



The carbon-carbon double bond in process d) is preferably substituted 
one or both ends by an elec t ron-a t t rac t i ng group, for example by a 
carbonyl group of a ketone, of an ester or of an amide, for example as 
vinyl ketones, acrylic esters, acrylamides . substituted 2-hu tene- 1 . 4- 
diones. for example quinones. fumaric esters, fumaric amides, maleic 
esters or. preferably, maleimides. 

The halogen atom of a carbon-halogen bond in process d) is. for example 
chlorine, bromine or iodine. The carbon-halogen bond is preferably 
activated by a carbon-carbon or a carbon-oxygen double bond, for exan.pl 
as in allyl halides. halomethyl ketones, for example chloromethyl 
ketones, haloacetic acids and haloaceti, acid derivatives, for example 
iodo-. bromo- or chloro-acetates and -acetamides. a-chloro-lower alkane- 
carboxylates and the like. 

The epoxide function in process d) i. preferably a primary epoxide func- 
tion, that is to say a monosubst ituted oxirane. and can be obtained, for 
example, in sit u from a halohydrin by treatment with a base. 

In process d> . the reactants are reacted in an aqueous solvent that, if 
deaired. contains an organic «r inorganic buffer and/or a miscible 
organic solvent, for example a lower alkanol . a lower alkanediol. di- 
methylform.mide. acetonitrile or the like, preferably in the presence of 
an acid-binding .gent, for example an alkali metal carbonate or hydrogen 
carbonate, for example sodium or potassium carbonate or hydrogen carbo- 
nate, or an alkaline earth metal carbonate, for example magnesium carbo- 
nate or calcium carbonate, or an organic base, for example a sterically 
hindered tri-lower allcylamine. for example ethyldiisooropylamine. at 
temperature, of from approximately -20*C to approximately *50"C. prefer- 
ably from -5*C to room temperature. 

The starting materials for process d) .re known or c.n be prepared 
according to pr cesses that are known per ... f r example according to 
one of the processes described her inbefore or hereinafter. In particu- 



lar, substituted cytokine*; or nvibc t i tu ted immunoglobulins containing 
mercapto group:; are prepared in the mnnner rii'scrib^d tor the starting 
materials for processes b) and c). 

Pairs of sub-units that together can form a cn rbon-n i t rogf* n single or 
double bond according to process e) are, for example, a cytokine contain- 
ing a free amino group, or substituted by one or more bridge-formers 
containing a free amino or hydrazine function, and a reactive derivative 
of an immunoglobulin containing an aldehyde function, a reactive deriva- 
tive of a cytokine containing an aldehyde function and an immunoglobulin 
containing a free amino group or containing a bridge-former having a free 
amino or hydrazine function, or a substituted cytokine and a substituted 
immunoglobulin in which one substltuent contains an aldehyde function and 
the other, complementary substituent, contains an amino or hydrazino 
function, and the two substituents are together a bridge- former Z. 

A conjugate of the formula I is also formed in process e) from a mixture 
containing a cytokine, an immunoglobulin and a reactive derivative of the 
bridge-former containing two aldehyde functions, for example a lower 
alkane dialdehydc, for example g lutaraldehyde . 

The condensation according to process e) is carried out in an aqueous 
solvent which, if desired, contains an organic or inorganic buffer and/or 
a misclble organic solvent, for example a lover alkanol, for example 
tert .-butanol , a lower alkanediol, for example glycol, diethylene glycol, 
polyethylene glycol, dimethyl formamide , acctonitrile or the like, at 
temperatures of from approximately -20°C to approximately +50°C, prefer- 
ably from -5°C to room temperature. 

The conjugates obtainable in this manner containing carbon-nitrogen 
double bonds, that is to say itnines or hydrazones, are, if desired, 
treated with a selective reducing agent that reduces the carbon-nitrogen 
d uble b nd t th nor stabl carb n-nitr gen singl bond, without 
affecting the amide bonds of the proteins. Such reducing agents are, for 
example, borohydrides , fcr exampl alkali metal borohydr idea , for xample 



for .x^t. „ i„ »„.„„„ -i-«h.. yb . r .h y „ r , <l „ .^ |M . t „ t .. butexybo ; o 

hydride, or pr„,e,,„K in which one hy„, i.,„ „, s „.,.„, bv . ^ 

rroup. .„, i„ sodium cy.inoborohydr i.Ie. 

The ruction is cnrri..., „ut i„ ,„ .„„..„„„ buff „ ..^^ ^ ^ ^ ^ 
from ap P ro»i„at.l y 3 LO .pp..,,,.,.,,. profl . r „ M> . cf from 3 tQ 6 f<>r 

r r" ,C,i0 "* VU " >"Vdri.U.. „,„ „.,„.. t . th . nou „ al ( 

that is t. ..y at , p„ „ f f rom t „ „. ,„ r „, Jurtion3 Blth • 
hydride. that „ c „„ s „ bstltuted „ sub8tl ,„ t<(<1 b> . ait<j>i) ^ ^ 

° f fr °" ->'"«' — «ly -20-C to apprci-atelv *50-C. prefer- 
ably fro. -5-C CO roes, to-perat ur. . If desired, the aoueous solvent 
contain, , „ iscible or „ anlc dllu .„,.. for „ 4Bpl . . f<>r 
.--P.. .ethane,, ethanol. isopropanol „ tort . -bucanol . or diethyl, 
elycol. trl.thyl.no glycol, actoni, r i ,. or the like. 

The starting materials for process e, are „„„,,„ or c „ „. 

according to processes that are k „„w„ ,„ # ^ 

de.c, , d hereinbefore or hereinafter. K.activ. derivative, of a cyt.Uln 
or x^noglobulin containing an aldehyde function „„ be p „ par . d „ 
accordance with a process a. do „ rlb . d ln 

«». .8 695. in thi, procs, the carbohydrate r.aidu.a ., t h. „1„ com . 
ou„ ds are converted Into al d . hyd e f.rivative. by partial o xid , tJon . Th . t 

hy d r«ti„. function, for example by the reaction of , 

K ' tne reaction of an amine with 

E-fluorophenylhydrailne. 

Pairs of r .. ct . nt . tnat „„ fm , ^ 
da ce with procea. f, foc . ^ 

-ino group a„ d .„ i™„„ 0 g lobuUn aubaUt „ ted by ^ ^ ^ 

lT. r *b c ::" in r 8 * ~«~*««- - - .»-«-. ,„„«!.„. : cvto . 

h o " b " ^ " - • containing . carbo „_ 

' V " POXide ,UnCtl " *" «"«ini„g . 

a«i„o group. or .„ b . tltut . d cytoklno< and . ub<tltuted lTO , Bo . lobu _ 



tion and In pairs the substituents together form a bridge-f rmer 2. A 
conjugat of f rmula I i 8 also formed in process f) from a mixture con- 
taining a cytokine, an immunoglobulin and a reactive derivative of a 
bridge-former containing two carbon-halogen bonds or two epoxide func- 



tions . 



The nature of the carbon-halogen bond and of the epoxide function is 
preferably as described above under process d). Reactive derivatives of 
bridge-former containing two carbon-halogen bonds are. for example, bis 
halooethyl ketones, for example 1 , 3-dichloro- or 1 . 3-dibromo-acetone , 
bis-haloacetic acid derivatives, for example 1 ,4-butanediyl-bis-iodo- o 
-bromo-acetate and similar compounds. Reactive derivatives of a bridge- 
former containing two epoxide functions are. for example, butadiene-bis 
epoxide. 1,4-pentadiene-bis-epoxide or bis-glycidyl ether. 

The reaction conditions for process f) are the same as the reaction con- 
ditions described hereinbefore under process d). 

The starting materials for process f) are known or can be prepared 
according to processes that are known per se . for example by a process a 
described hereinbefore. 



are 



The intermediates and end products of the processes of the invention 
if desired, purified, for example by dialysis against water or buffer 
solutions, by chromatographic methods, preferably gel chromatography, 
high pressure liquid chromatography, affinity chromatography or ion ex- 
change chromatography, by ultrafiltration or by ultracentrif ugation. 

The invention relates also to those forms of the process in which a com- 
pound obtainable as intermediate at any stage is used as starting 
material and the remaining steps are carried out. or the proc ss i. dis- 
continued at any stag . or a compound obtainable in accordance with the 
pr cess of th inv ntion is produced under the process conditions and 
further processed in situ. 
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The invention relates als to novel intermediates and processes for the 
preparation thereof. The starting material* and the reaction conditions 
are preferably so selected that those compounds referred to in the des- 
cription as being preferred are obtained. 

The conjugates of the invention can be used for the treatment of viral 
infections and tumours in the form of pharmaceutical preparations that 
contain an effective amount of the conjugate together with a significant 
amount of an inorganic or organic, solid or liquid, pharmaceutical^ 
• acceptable carrier- 
Pharmaceutical preparations for parenteral, for example 1 .tramuscular . 
subcutaneous or intravenous, administration to humans are preferred. Such 
preparations are isotonic aqueous solutions or suspensions containing the 
active conjugates together with a carrier and, if desired, adjuncts, for 
example stabilisers, emulsifiers, solubilisers , salts for regulating the 
pH and the osmotic pressure, preservatives and/or wetting agents. The 
pharmaceutical preparations can be prepared according to methods that ar 
known per_se. f or example in a process in which the active conjugates and 
the pharmaceutical^ acceptable carriers and adjuncts are mixed, if 
desired lyophilised, and dissolved before use. 

The dosage of the pharmaceutical preparations containing the active con- 
jugates depends on the disorder to be treated, the body weight, age and 
individual condition of the patient as assessed by the doctor in atten- 
dance, and on the method of administration. Compared with the doaage of 
the corresponding free cytokine, amounts that are from two to approxi- 
mately one hundred times smaller are used producing the same biological 
activity. For example, a conjugate containing interferon alpha is admin- 
istered in from one to three daily dosage units of from 10* to 10' IU 
(International Units of interferon activity), preferably fr m 10* to 
10* IU. The conjugat can also be administered in higher doses, for 
example in such an amount that the same biological activity is achieved 
as is customarv with fr e cvtokine. As a result, the d M Jr,H rho r9no „M, 



The foll o Ui EM ,„ 1)K . S lo i|lu!iirati . invonUon 

the scope thereof i„ uav . 

The «bbr.vi«i„ n . „ scd ,,, th „ , x s hnvi; foUot . ni; 

I FN interferon 

immunoglobu 1 in 
IgG immunoglobulin G 

IU International Units of IF* activity 
PBS^ Phosphate-buffered physiological saline 
rIFN recombinant interferon 

^SlS^U t"fX", b H(CXH)CH ; CII : CH ; SSCH ; C Hr (C.O)l H,cl 

1 m of polyclonal hu m ,„ antibody „„ Uyophilisate. Intraglooin F * 
otest . di .. olv . d in a „ Eppen(iorf tufae ^ i F 

12 ul of 1.6 mM 3-(2- P vridvldithi«» 

ester and 12 , F I "^Idxthzo >-prop 10 nic acid N-hydroxysuccinimide 
ester and 12 ul of ethanol are added dropvise to th* IcC , • 

in a Whirlmix and the fixture is incuba.H Shake " 

, n . 15 lncu bated at room temperature for 

30 minutes. Subsequently the mixture is dialv^rf • u 

buffer changed 3 times) at 4«c. ^ PBS 

10 ug of recombinant human interf#»mn 

tube in 500 ,1 of PBS pH J \ > ° 1Ved *" " EpPend " f 

, . L H ' pH 7 - 2 - 2-""nothiol.ne Is dissolved at O'c in 1m 

rietha„ola„i„e hydrochloride, p„ 8.0. 5 ,1 of this 

on .re added to the ,„ . olutio „ and incuba ^ / " 

temperature for 90 minm-*. tu ea at rooro 

at «'c four tiL Z ' rea " l0n mi " Ure 18 dlalySed a8ai "" PBS 
with the aho ^ I u f on l\ " — 

The conjugate ls separated fr0 . fr I FN by ultrafiltration at ."c using 

. o a ; P r\; xclusion Hnit 50 000 d ' u ^- t - - 

scea £ °r IFN activity in the tpf i n uiu4*- 

. in the CPE inhibition aseay (Cytopathic Effect, 
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3 COntroi ' 'he entire reaction 
ly labelled 12 VlFv B "quenc. i, repeated with r w 

Radioactive coni , "djoaccive- 
I to 10, radioactive IFN in f V^^ 1 ' ^ '-"d in f raetIon , 

| fractions 12 to 25. 

The same reaction i s al 

•/-» -,- id <c lb ,-c els ; o A ;: r ;r: 0 r; 0 ;r: r^-* ^- — 

'«-» . <DRK Bl Utspendedie „ at ' "«■« n.n„ ral 

Spring instead „ f ,0 "-» «« Cos, Blood Don<jr fc 

2b 

Bl — - 100 « uo> lw ., n y , "•■*«'.«.. x«„. loblB F *. 

30 : l° .n/;: — «• ~* — . - r:;:::::r r r - d 

ce * at room temperature with „ , incubated for 

« «'C in „. h .... S8aln C 00 ! " aki " 8, " d d ""-- 

w th o., , albu j n 500 - 1 ° f «*• m solution ls 

'« 20 . tnllt .. , t " relt01 »" ««.d and th. wh.l. la lBe „. 

c "on tem p . ratu . * " incubated 

M.i-« PBS. Ih . Ira solutlon - " 1 '«< -Mi. ov„„ leht „ .. c 

2 hour . « r J„V ' ,0lUti °" '« 

-ver» lrtt . Th . - «*P.r atur . , nd Balntal „. d 

~P.r. M .« ,e acrIbed ,„ Ex .„ ple ] 
°«nce tin.. -« rh IFN-I.C ■ 

*** —PL , J^^^^^^^ o f 

-»«••. «. ». 2.. «. 56 .„ d 60 h * " h 1M "~ —y ft., . t „ 

— a ,e .. foUo „. ( - «" y lh « tlvltI „ 
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By comparison, the I FN activity of ,* . 

icy ot intramuscularly iniected tfv« i 

<3 ., . 04 iu, f .u. .„ consldor , bly „ orc shicpiy ; 

80 h 

0.5 

0.5 
0.5 

0.5 

Practically the same values as with !FKa2b alone are found if • 

— 2b and Intrafilobin F (human IgC) injected ~ <— « — of 

° eneral - -|„ preparation 

fcytokine)f(C-0)CH ! .CH,.« !g r H = CH ; .(C.O)1fT r! 

: -»j:.:n,ir.:;:; ~r 

is equilibrated with 20 ml n f ^ filtration column 

i. th.» applied t the co ' "'"•""•".l solution. The X g so i utlon 

P« 4.5. 500 ul f r c io ^ ' ** ° f ^ 

V 1 fraction* are collected and the extin.Ho 4 
280 „.. Protein-containing fracti na extinction is measured at 

gel filtr.n i COmMned ' a PPlied to a new PD-10 

gel filtration column equilibrated with PBS a „H , , 

Th „ , Wlth PBS and ^ted with phosphate 
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solution and incubated for "> ho 

" ^- The roactlon product ' "J' " t..p,r„ ur , and for 30 nourB 

electrophoresis. "alyaod „. inc p„i yncrylaiBj(iw ^ 

£*££!Pl£_5: Pharj« 2 c (IuU . rom , 

»~ i«. .0 , nl .„ pouI „. 15 «»" —r ... ptle condl . 

<e« P e„ tu „, f „ - .„ poules „. ^^^^^ # 



THE CLAIMS DEFINING THE INVENTION ARE AS FOI I OWS • 

1. Conjugates of cytokin.-s will, human immunoglobulin. 
2- Conjugates according to claim 1 of t |„. formula 

Ck-Z-lg (I) 

in which Ck is a residue .f a natural human cytokine or of a recombinant 
cytokine. Ig is a residue of a human immunoglobulin and Z is a covalent 
bond or a covalently bonded organic bridge-former, and in which Ck. Ig 
and/or Z also may occur several times. 

3. Conjugates according to claim 2 of the formula I in which Ck is a 
residue of a natural or recombinant human interferon, of interleukin of 
a related compound or of a fragment that retains the biological activitv 
Ig is a residue of a natural human immunoglobulin. Z is a covalent bond" ' 
or a covalently bonded di-. tri- or tetra-valent hydrocarbon radical 
which, if desired, is substituted and/or in which, if desired, one or 
more carbon atoms have been replaced by oxygen, sulfur and/or unsubsti- 
tuted or substituted nitrogen atoms, and in which Ck. I g and/or Z also 
may occur several times, 

A. Conjugates according to claim 2 or 3 of the formula I in which Ck is a 
residue of a natural or recombinant human interferon or of a related 
compound. Ig is a residue of a natural human immunoglobulin, and Z is a 
covalent bond or a covalently bonded divalent hydrocarbon radical which, 
if desired, is substituted by oxo or imino. and/or in which one or mor 
carbon atoms have been r placed by xyg „, sulfur and/ r nitr gen at ms. 

5. Conjugates according to any one of claims 2 to U of th f rmula I in 
wMch Ck U . rM M„. of . _ r ,_ u _ 



j is . covalcu bond. „„. ub . U , tttw| or ex „. „ iniin „. substituted 

; v r* or ° r uui »«>•• thi.. .„,„„. • 

: ph.nylen. an.l/or a*acyc lo 3 1 kvlen- . 

! 6 ■ C..J-.«.. accord^ t „ .„„ on „ „ r clal ., 2 t0 5 of u , e formula , in 

I. L "', r °" dUe " "" ,tU " 1 " "«•"»■« •»-» i""r foro „ alpha 
iv b d T 3 " alUral """"" i — "I"-"" 6. and Z is . 

whicTcrir; acco ; dln8 to any o,,e ° s cuims 2 - 6 °< "» ^- « * 

wnicn Ck is a residue of recombinant IFNa i„ « 

::r.;r™"-"- - - - - -^:~.rr„^r 

u,», 1, • ' Whxch con »Prises reactin* a cvtoki™ 

with human immunoglobulin and if a ■ ^ cytokine 

g ouixn and, if desired, a bridge-former. 

9. A process according to dii™ ft «- 

h. formula <* conjugate of 

Ck " Z - I « (I). 

^iTiTo:: :::;::; g tl 2 or 3 — - •< - « 

10. A procea. according to dal„ 9 which comprises: 

group wch h y e o i„ b ;: ; :;: d T 8 - ' ub - unit « — 

ple„,ntary sub-„„lt containing . c.rb xyHc acid group 



'" ih. pr,p.,nui„„ u , a ,„„ iu ,,. u ,.. ,„ r „ |n , u|a , ,„ t . ||ji . h tli ,. aui _ 

: ,"" k,! " l,v a -"""hu- lr .,, ti „,.. IW1 , <; lMi!V sul ,_„ nii . ; , h;i ; 

b«U, contain ; , „,. ri , llUl , ,.,„„„ wiL| , „ !ii]iz . ni , r _ Nii; _ ni ^ 

1 n r „k'd r p 7 1 "' ;i c "" i " ,:a "- f - r """- 1 <"* »-«-««. 

1 y * s, " Udl ' """" - — «....*ca„ t »M. 

««»« ,.n,l d„ iMll >, .f lh . .,^„ „ „„., „„,._„„ u WU) , lh „ 

complementary sub-unit confiinin« •. ™ 

nL,llnin « - 1 merccjjito p. roup, OI - 



i Unked by 3 . •*»-. conlillBj „ a 

do ble b d containin6 an epoxide fui>ctioiii or <tibsu 

halogen bond by the mercapto group, or 

a^eT h PreParati °" 0f ' ""'"I"- °< ■ in which the sub-units 

al e d ' « double bend. c„,,de„si„ g an 

a dehyde g ro up of one sub . unU uUh ^ ^ J 

an amino or hydrazino ^ „ ^ 

ar bo „. nlCrogen double bo „ d (o a carbo „. nUr<)g(in ^ _ i". 
-educing agent, or 

a'tetnl 6 r^T" " " C ° nJUB " e ° f '"^ 1 '» sub-units 

UnUd by a c,rbon-„itr„ g .„ slngle add containine 

•n «. or a hydr«i„o group to the complementary sub-unit con"""" 

A process for the manufacture of pharmaceutical preparations 
or ln6 to claim U. which comprises mixing co„ jug ates of cvt tines 
with human immunoglobulin with * ui • " KAnes 

" Wlth a su ^tabl pharmaceutical carrier. 



1J. A metluMi „f Lr,ai,, !; viral i„IWt .„„* .,,„ tumours in an „ lBa| 
i«cl«di„,. „,an, which co mpris ,. :: a ,,»i„iHt,rin R an effective amount of 
-unites of cyLoki„,« wu„ ,„,„,,„ , mimmi , R , t)lni u „ accor , Jin> , Lo claini , 

Conjures of cytokines with ln„,,n i„,„,uno, lobu 1 in , substant i,l 1 v as 
hereinbefore describe,! and t-x.-mpl i f . 

iiunVrb 6 : 3 PreP * ,raLi ° n 01 " niU — " f with hu.nan 

r 8 aCC ° rdinB l ° ^ -b.cntiallv a, hereinbef, 

described and exemplified. 



:ore 



hu»a„ ™ unoglobuUll . . llb . lanlUlIy js ,,„.,„„„,.„, . 
exemplified. 

17. A process f.r the M »»t« t .r. ol M..r«,c., t ic.I preparations 

»«!«.». «„. substa „ tiali> . as „ erelnbefore de8crlbisd and exenpUfied _ 
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